carotenes are believed to play important roles in resisting damage from oxidative stress resulting from cigarette smoking. Although the inferences to date regarding the relationship between smoking and antioxidants are equivocal, differences in the effects of antioxidants between smokers and non-smokers have been studied [8] [9] [10] [11] [12] [13] . For instance, Alberg demonstrated that the circulating concentrations of ascorbic acid, α-carotene, β-carotene, and cryptoxanthin are, on average, 25% lower in smokers compared with nonsmokers [8] . A study by Mezzetti et al showed that plasma vitamin C and lipid peroxide levels were lower and higher, respectively, in smokers than in nonsmokers when these subjects were undergoing coronary bypass surgery [13] . However, there is still limited information regarding the relationship between cigarette smoking and plasma antioxidant concentrations in disease-free individuals.
Nicotine is the main substance that results in addiction to smoking. Because nicotine is a substance specific to cigarette smoking, it can be used as a marker for how many cigarettes are consumed by the smoker. Therefore, it allows us to quantify the amount that a subject smokes. Nicotine metabolites, including cotinine, nicotine-N-oxide and a number of derivatives, offer a priority consideration. These are more accurate than other biomarkers such as carboxyhemoglobin or carbon monoxide, which are do not predictor the amount smoked. In addition, such biomarkers may be present as a result of exposure to other environmental factors [14] .
Cigarette smoking is related to cardiovascular diseases. Elevated levels of high-sensitivity C-reactive protein (hsCRP) or homocysteine appear to indicate risk for cardiovascular diseases [15] [16] [17] [18] . Even though the associations between cardiovascular disease and hsCRP and homocysteine are well known, very few studies have assessed the association between cigarette smoking and hsCRP and homocysteine levels. Two studies have demonstrated that hsCRP levels were higher in smokers than in non-smokers [19, 20] , while another two studies have reported that there was no significant association between hsCRP and smoking status itself and that there was no difference in hsCRP levels between smokers and non-smokers [21, 22] . In studies that assessed the relationship between homocysteine levels and cigarette smoking, some investigators suggested that the plasma homocysteine level is higher in smokers than in non-smokers [22] [23] [24] , while others demonstrated the opposite [25] . Therefore, the research indicates that the associations between hsCRP and cigarette smoking and between homocysteine and cigarette smoking may be complicated.
Therefore, the aim of this study was to determine the differences in body composition, metabolic characteristics, and levels of hsCRP, homocysteine and plasma lipophilic antioxidants between smoking and non-smoking subjects.
METHODS
This cross-sectional study was approved by the Institutional Review Board of Kaohsiung Medical University Hospital. One hundred subjects who visited the Department of Family Medicine at Kaohsiung Medical University Hospital were recruited initially. The smoking subjects were selected from people who visited for smoking-cessation consultations in 2002 and 2003. Non-smokers were selected to match the age of the smoking participants. Our exclusion criteria included the following: subjects with any identified disease (e.g. diabetes, hypertension and coronary artery disease); those already under nicotine replacement therapy; those regularly taking vitamin supplements; vegetarians; and those taking medicine. Excluding 14 ineligible individuals, a total of 86 participants (16-78 years old), including 46 smokers and 40 non-smokers, were enrolled.
Participants were asked to record their regular dietary habits before blood sample collection. Participants were blinded as to which blood examination was performed to reduce the possibility of deliberate food intake. Fasting blood samples were drawn in the morning and were stored immediately in an ice chest and kept out of sunlight. At the same time, demographic data were collected via questionnaires, and body composition was measured by well-trained examiners employing a bioelectric impedance analysis meter [26, 27] . Heparinized blood samples were centrifuged at 3,000 revolutions per minute for 10 minutes at 4°C within 1 hour of being drawn. Plasma was separated and stored in aliquots at −80°C until required for analysis. During transportation, the plasma aliquots were stored at -20°C, which was maintained by dry ice. Blood analysis included plasma nicotine metabolites, metabolic parameters (blood sugar, cholesterol, triglyceride, glutamate pyruvate transaminase
[GPT], creatinine, uric acid [UA], hsCRP and homocysteine), and antioxidants (α-carotene, β-carotene, δ-tocopherol, γ-tocopherol, α-tocopherol, retinol and lycopene).
Samples were thawed and mixed well before analysis. Antioxidants were analyzed by high-pressure liquid chromatography [28] [29] [30] . Aliquots of plasma were mixed with ethanol and hexane. The sample was then centrifuged at 10,000 revolutions per minute for 5 minutes and the hexane layer was collected and evaporated under nitrogen, and finally dissolved in a mobile phase in the high-pressure liquid chromatography system. The mobile phase consisted of a solvent system of 68:22:7 (v/v/v) acetonitrile-tetrahydrofuranmethanol with 1% (v/v) ammonium acetate. The separation module (Waters 2695; Waters Corp., Milford, MA, USA) was equipped with a Waters Novapak C18 column (150 × 3.9 mm) and two programmable multiwavelength detectors (Dual λ Absorbance Detector and Scanning Fluorescence Detector; both from Waters Corp.). The detection wavelength was set at 295 nm for tocopherols, 325 nm for retinol and 450 nm for carotenoids. The column was fitted with a pre-column module (Guard-Pak Pre-column; Waters Corp.) and all samples were pre-filtered through a 0.45-μm filter (Waters Corp.). The analysis procedure used in this study was modified from a previously reported protocol [31] . Plasma nicotine metabolites were measured by a competitive chemiluminescent immunoassay method using IMMULITE 1000 [32] , which can detect plasma nicotine metabolites at the same time, which corresponds to the amount of nicotine absorbed in vivo. Homocysteine and hsCRP were also measured by a competitive chemiluminescent immunoassay [33, 34] . Cholesterol, triglyceride, blood sugar (AC sugar), creatinine, GPT, and UA were detected by a nephelometric method using the Beckman Coulter LX-20 (Beckman Coulter Inc., Fullerton, CA, USA).
SPSS version 14.0 (SPSS Inc., Chicago, IL, USA) for Windows was used for statistical analysis. Descriptive analyses were examined to identify differences in demographic characteristics, metabolic parameters and plasma antioxidant levels between smokers and non-smokers. Correlation coefficients and multiple linear regression were used to identify associations among plasma nicotine metabolites, age, sex, body composition and plasma antioxidants.
RESULTS

Demographic and metabolic characteristics of the participants
Age, sex, smoking duration, and body composition (height, weight, body mass index [BMI], waist circumference and body fat) are summarized in Table 1 . There were no statistically significant differences between the two groups in terms of age, height, weight, BMI or waist circumference. However, there was a difference in body fat between the two groups (p < 0.001). The body fat percentage of smokers (mean = 24.1%) was significantly lower than for nonsmokers (mean = 28.9%). Metabolic parameters of participants are also displayed in Table 1 . There were no statistically significant differences between the two groups in terms of cholesterol, triglyceride, blood sugar, creatinine, UA and homocysteine. HsCRP was higher in smokers (mean = 0.64 mg/dL) than in nonsmokers (mean = 0.18 mg/dL) (p = 0.003).
Relationships among plasma nicotine metabolites, body compositions and plasma antioxidant levels
Comparisons of plasma antioxidant levels between smokers and non-smokers are shown in Table 2 . There were statistically significant differences between the two groups in terms of α-carotene, β-carotene, γ-tocopherol and lycopene levels. The plasma α-carotene (smokers vs. non-smokers, mean = 3.3 μg/dL vs. 6.7 μg/dL, p < 0.001), β-carotene, γ-tocopherol and lycopene levels (all p < 0.01) were lower in smokers than in non-smokers.
We performed correlation analysis to identify correlations among nicotine metabolites, age, sex, body composition and antioxidant levels, and the results are shown in Table 3 . Nicotine metabolites were inversely related to α-carotene, β-carotene, α-tocopherol, δ-tocopherol, γ-tocopherol and lycopene levels. With regard to age, correlations were evident between age and α-carotene, β-carotene, α-tocopherol and retinol levels (p < 0.01). Table 4 shows the relationships among dependent variables (α-carotene, β-carotene, α-tocopherol and retinol) and independent factors such as age, body height, body weight, and nicotine metabolite levels by multiple linear regression. Age was positively correlated with α-carotene, β-carotene, α-tocopherol and retinol levels. Nicotine metabolites were negatively correlated with β-carotene and α-tocopherol levels.
DISCUSSION
Our study demonstrated that plasma antioxidant levels (lycopene, α-carotene, β-carotene and γ-tocopherol) were significantly lower in smokers than in nonsmokers. Our results are consistent with these of a previous study, which compared the antioxidant levels according to smoking exposure [9] . They suggested that subjects exposed to smoking had lower plasma β-carotene levels than those who were not. However, Dietrich et al's study demonstrated that the γ-tocopherol level was higher in smokers than in non-smokers [9] , which contrasts with our study. In the study done by Wei et al, smokers had significantly lower plasma levels of α-carotene and β-carotene, whereas the reduction in tocopherol and lycopene levels in smokers was very limited [35] . Chronic cigarette smokers have lower concentrations of many dietary antioxidants (β-and α-carotene) in serum and buccal mucosa cells compared with nonsmokers, an effect which is not entirely ascribable to diet [11] . There is no doubt that the levels of β-and α-carotene were lower in smokers compared with non-smokers. However, the findings of higher and lower levels of γ-tocopherol in smokers are still contentious. The studies of Gabriel et al [11] and Dietrich et al [9] revealed that γ-tocopherol was higher in smokers than in nonsmokers. However, we found the opposite. Similarly, Wei et al's study [35] also demonstrated that the reduction of tocopherol was very limited. However, no clear mechanism for the relationship between the amount of γ-tocopherol and smoking status has been described in the literature. Therefore, further studies are needed to clarify this finding.
Plasma antioxidant levels were closely, but inversely related to levels of plasma nicotine metabolites in our study. We propose the explanation that more regular cigarette smoking would markedly affect plasma nicotine metabolites and thus decrease plasma antioxidant levels. Furthermore, our finding suggests that plasma nicotine metabolites are appropriate as biomarkers for smoking consumption. These biomarkers should be applicable use in future studies of cigarette smoking.
The associations between hsCRP and cigarette smoking were inconclusive in the previous studies [19] [20] [21] [22] [23] [24] . Our finding that the hsCRP levels were significantly higher in smokers than in non-smokers indicates that cigarette smoking causes greater burden in terms of vascular diseases mediated by elevated hsCRP.
The relationship between cigarette smoking and body weight change is also controversial in the literature. Our clinical experience suggested that subjects who smoked would have a lower body weight. This study found that the body fat of smokers (24.1 ± 3.3%) was lower than that of non-smokers (28.9 ± 10.4%) (p < 0.001). A statistical linear relationship between plasma nicotine metabolites and body fat was also found (data not shown). However, the differences between the two groups in terms of body weight, BMI and waist circumference were not clear. A previous study demonstrated that average cigarette smokers have a lower BMI than non-smokers [36] . The small sample size in this study probably limited reaching an equivocal outcome. Further studies with a larger sample size are needed to clarify this hypothesis. An interesting outcome of this study was that age was positively related to levels of plasma antioxidants including α-carotene, β-carotene, α-tocopherol and retinol. This can be explained in three ways: (1) people with older age have healthier lifestyles, meaning that their nutrition is more balanced than younger people; (2) the use of and need for antioxidants in younger people are greater than in older people; (3) lipophilic antioxidants can accumulate in the body by aging; therefore they can be detected more frequently in older people than in younger people.
A notable feature of our study is that we did not restrict the diet of the study subjects because diet control per se would change the dietary habits of the individuals. Individuals may have a different need and capacity for nutrient consumption. If we restrict the diet of our study subjects, we may alter the balance in antioxidant levels. Nevertheless, we recognize that the cross-sectional study design is a weakness because of the presence of potential confounding factors. On the other hand, our careful and comprehensive surveys of the participants, particularly the rigorous and comprehensive laboratory examinations, are strengths of this study.
In this study, the levels of antioxidants (including α-carotene, β-carotene, γ-tocopherol and lycopene) were lower in smokers than in non-smokers. The level of hsCRP was higher in smokers than in non-smokers. Levels of nicotine metabolites were inversely associated with plasma levels of lipophilic antioxidants. Therefore, cigarette smoking may influence oxidative stress by affecting the levels of plasma antioxidants, which may be involved in the mechanisms underlying various diseases. Our study is the first attempt to determine the relationship among cigarette smoking, plasma antioxidants, plasma nicotine metabolites and body composition in healthy subjects in Taiwan. 
